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APPARATUS AND METHOD FOR
DETECTING CATALYST TEMPERATURE

FIELD OF THE INVENTION

The present invention relates to an apparatus and a
method for indirectly estimating and detecting a temperature
of an exhaust gas purification catalyst mounted to an exhaust
system 1n an internal combustion engine.

RELATED ART OF THE INVENTION

In order to detect a catalyst temperature representing an
active state of an exhaust gas purification catalyst, a tem-
perature sensor 1s provided to a catalyst to detect the catalyst
temperature or a heat supply amount from the exhaust gas to
the catalyst 1s calculated to detect the catalyst temperature.
The former 1s disclosed 1 Japanese Unexamined Patent
Publication 5-200249, and the latter in Japanese Unexam-

ined Patent Publication 9-108543.

However, the provision of the temperature sensor brings
cost-up, while the estimation of temperature 1s difficult to
ensure a suflicient accuracy.

SUMMARY OF THE INVENTION

The present invention, 1in view of the above conventional
problems, has been achieved and an object of the invention
1s to detect a temperature of an exhaust gas purification
catalyst 1n an internal combustion engine with high accu-
racy.

Another object of the present invention i1s to detect a
temperature of an exhaust gas purification catalyst by the
estimation computation without a need of providing a tem-
perature sensor and a cost-up due to the provision of
temperature sensor.

A further object of the present invention 1s to 1mprove an
exhaust gas purification performance by accelerating an
air-fuel ratio feedback starting time as early as possible due
to high accurate estimation and detection of a catalyst
temperature.

The present 1nvention 1s constituted as follows 1n order to
achieve the above objects.

An 1mpedance of a sensor element of an air-fuel ratio
sensor mounted to an exhaust system 1n an internal com-
bustion engine 1s detected.

Then, a temperature of an exhaust gas purification catalyst
mounted to the exhaust system as well as the air-fuel ratio
sensor 1s detected by estimating computation based on the
detection value of the impedance.

Namely, since a heat capacity of the sensor element 1s
small, a temperature of the sensor element 1s substantially
the same as a temperature of the exhaust gas passing through
the air-fuel ratio sensor. On the other hand, the impedance of
the sensor element 1s decreased with the increase of the
temperature of the sensor element. Accordingly, the tem-
perature of the sensor element and further the temperature of
the exhaust gas flowing 1n the air-fuel ratio sensor can be
estimated by detecting the impedance.

The temperature of the exhaust gas purification catalyst 1s
substantially equal to the temperature of the exhaust gas
flowing 1n this catalyst, which 1s close to the temperature of
the exhaust gas flowing 1n the air-fuel ratio sensor.
Therefore, as a result, the catalyst temperature can be
estimated accurately based on the detection result of the
impedance of the air-fuel ratio sensor.

10

15

20

25

30

35

40

45

50

55

60

65

2

In an apparatus where air-fuel ratio sensors are disposed
upstream and downstream of the exhaust gas purification
catalyst, by using both impedances of the sensor elements of
these air-fuel ratio sensors or placing more 1mportance on
the impedance detection value of the sensor element more
closely related to the catalyst temperature estimation, the
temperature of the exhaust gas purification catalyst can be
estimated more accurately.

The other objects and features of this i1nvention will
become understood from the following description with
accompanying drawings.

BRIEF EXPLANAITON OF THE DRAWINGS

FIG. 1 1s a system diagram of an air-fuel ratio feedback
control apparatus of an internal combustion engine 1n an
embodiment according to the present mnvention;

FIG. 2 1s a cross section showing a sensor element
structure of an air-fuel ratio for use 1n the above apparatus;

FIG. 3 1s a characteristic diagram of a sensor element of
the air-fuel ratio sensor;

FIG. 4 1s a control circuit diagram for the sensor element
and a heater of the air-fuel ratio sensor;

FIG. § 1s a flowchart of impedance measurement and a
heater control of the sensor element.

EMBODIMENT

In FIG. 1 showing a system structure of an apparatus in
an embodiment, a fuel mjection valve 3 1s disposed so as to
face an intake passage 2 or a combustion chamber for each
cylinder in an internal combustion engine 1, and the fuel
injection from each fuel mjection valve 3 1s controlled by a
control unit 4.

An upstream side air-fuel ratio sensor 6 1s disposed at the
junction of an exhaust manifold in an exhaust passage 5, and
an exhaust gas purification catalyst 7 1s disposed in an
exhaust pipe connected to a downstream side of the exhaust
manifold, and a downstream side air-fuel ratio sensor 8 1s
disposed 1n a downstream side of the exhaust pipe.

The control unit 4 computes a basic fuel 1njection quantity
Tp=KxQa/Ne (K is constant) equivalent to a stoichiometric
amount of value (A=1) based on an intake air quantity Qa
detected based on a signal from an air flow meter 9 disposed
in an upstream of the intake passage 2, and an engine
rotation number Ne detected based on a signal from a crank
angle sensor 10. Then, the control unit 4 corrects this basic
fuel 1jection quantity by an air-fuel ratio feedback correc-
tion coeflicient a set based on a target air-fuel ratio tu and
signals from the upstream side air-fuel ratio sensor 6 and the
downstream side air-fuel ratio sensor 8 to compute a final
fuel injection quantity Ti=Tpx(1/tA)xc, and output a fuel
injection pulse with pulse width corresponding to this T1 to
cach fuel mmjection valve 3 1n synchronization with the
engine rotation.

Here, each of the air-fuel ratio sensors 6 and 8 outputs a
signal corresponding to an oxygen concentration in the
exhaust gas. The control unit 4 detects an air-fuel ratio A of
an air-fuel mixture being supplied to the engine 1, and
feedback controls the air-fuel ratio A to the target air-fuel
ratio th by increasingly/decreasingly setting the air-fuel ratio
feedback correction coefficient a by a proportional-integral
control.

For each of the air-fuel ratio sensors 6 and 8, a wide range
type air-fuel ratio sensor 1s used capable of detecting the
air-fuel ratio linearly.

A sensor element structure of each of the wide range type
air-fuel ratio sensors 6 and 8 will be explained based on FIG.

2.
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A body 20 of the sensor element having a porous layer 1s
formed of a solid electrolyte material, such as zirconia, with
oxygen 1on conductivity, to be disposed in the exhaust
passage.

Inside of the body 20, a heater 21, an atmosphere chamber

22, and a gas diffusion chamber 23 are equipped from the
bottom 1n FIG. 2.

The heater 21 1s supplied with the electric power to enable
to heat the sensor element.

The atmosphere chamber 22 1s formed to communicate
with an atmosphere being a reference gas, at the outside of
the exhaust passage.

The gas diffusion chamber 23 1s formed to communicate
with the exhaust gas, through a protection layer 25 made of

v aluminum or the like, by an exhaust gas introduction hole
24 formed from an upper side of the body 20 in FIG. 2.

An electrode 26A disposed at an upper wall of the
atmosphere chamber 22 and an electrode 26B disposed at a
lower wall of the gas diffusion chamber 23 constitute a
nernst cell portion 26.

Further, an electrode 27A disposed at an upper wall of the
gas diffusion chamber and an electrode 27B disposed at an
upper wall of the body 20 and covered with a protection
layer 28 constitute a pump cell portion 27.

The nernst cell portion 26 generates a voltage 1n accor-
dance with an oxygen partial pressure ratio between the
nernst cell electrodes 26 A, 26B, imnfluenced by oxygen 10n
concentration (oxygen partial pressure) within the gas dif-
fusion chamber 23.

Accordingly, it 1s possible to detect whether the air-fuel
rat1o 1s richer or leaner than the stoichiometric amount of air
(A=1) by detecting the voltage generated due to the oxygen
partial pressure ratio between the nernst cell portion elec-

trodes 26A, 26B.

When a predetermined voltage 1s applied to the pump cell
portion 27, an oxygen 1on 1n the gas diffusion chamber 23

moves so that an electric current flows between the pump
cell portion electrodes 27A, and 27B.

A current value (limit current value) Ip flowing between
the pump cell portion electrodes 27A and 27B when the
predetermined voltage 1s applied therebetween 1s affected by
the oxygen 10on concentration in the gas diffusion chamber
23. Therefore, 1f the current value Ip 1s detected, the air-fuel
ratio of exhaust gas can be detected.

Namely, as shown i FIG. 3A, since a voltage-current
characteristic of the pump cell portion 27 1s varied depend-
ing on the air-fuel ratio A, the air-fuel ratio A of exhaust gas
can be detected based on the current value Ip when the
predetermined voltage Vp 1s applied.

When an application direction of the voltage to the pump
cell portion 27 1s reversed based on an output of lean or rich
from the nernst cell portion 26, in both of air-fuel ratio
regions of a lean region and a rich region, as shown in FIG.
3 B, a wide range air-fuel ratio A can be detected based on

the current value Ip flowing through the pump cell portion
27.

An 1mpedance of the sensor element with the above
described structure and characteristic 1s measured by apply-
ing an alternating voltage with a high frequency to the sensor
element (especially the nernst cell portion 26) in order to
control the power supply to the heater 21.

A control circuit for the sensor element (nernst cell
portion and pump cell portion) of the air-fuel ratio sensor
and for the heater for heating the sensor element will be

explained based on FIG. 4.
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In order to detect the impedance, an alternating voltage
with a high frequency (frequency f=3 KHz, amplitude
1.75V) 1s applied to the nernst cell portion 26 by an
alternating current source 31 under the control of a micro-
computer 30, so that a current value Is flowing through the
nernst cell portion 26 1s transformed into a voltage by a
current detection resistance 32 and a detection amplifier 33.

A signal from the detection amplifier 33 1s input to an
impedance detection circuit 34 constituted by a bypass filter
and an 1ntegrator, so that an alternating component only 1s
taken out to detect the impedance Ri1 from the amplitude of
the alternating component. Thus, the impedance Ri of the
nernst cell portion 26 can be detected.

Further, the signal from the detection amplifier 33 1s 1input
to a low pass filter 35, so that a direct component only 1s
taken out to detect a voltage generated at the nernst cell
portion 26 1n accordance with the oxygen concentration.
Thus, 1t 1s possible to detect the rich/lean of the oxygen
concentration.

A predetermined voltage Vp 1s applied to the pump cell
portion 27 by a direct current source 36 under the control of
the microcomputer 30. An application direction of the volt-
age 1s reversed 1n accordance with the rich/lean of the
oxygen concentration detected by the nernst cell portion 26,
so that the current Ip flowing through the pump cell portion
27 1s transformed 1nto a voltage by a current detection
resistance 37 and a detection amplifier 38. Thus, the air-fuel
ratio A can be detected.

A battery voltage VB 1s applied to the heater 21 by a
battery and a switching element 39 1s disposed 1n a power
supply circuit. Accordingly, the ON/OFF of the switching
clement 39 1s duty controlled by the microcomputer 30, to
thereby control a power supply amount to the heater 21.

In this invention, the impedance of the sensor element of
cach of the upstream side air-fuel ratio sensor 6 and the
downstream side air-fuel ratio sensor 8 1s measured 1n the
above manner, so that a sensor element temperature, that 1s,
a temperature of the exhaust gas passing through each of the
air-fuel ratio sensors 6 and 8, 1s estimated based on the
measured 1mpedance. These estimated temperatures are
averaged to estimate a temperature of the exhaust gas
purification catalyst 7.

An estimation control of the catalyst temperature to be
executed for each predetermined time by the microcomputer
30 after an engine start will be explained according to a

flowchart 1n FIG. 5.

At Step 1 (to be abbreviated as S1 in FIG. § and the same
rules are applied to the following steps), detection values of
various operation conditions are read 1n.

At Step 2, 1t 1s judged whether or not the catalyst
temperature estimation 1s permitted. To be specific, the
estimation permission condition 1s established at a time
when a diagnosis result of each of the air-fuel ratio sensors
6 and 8 (including a diagnosis result of an impedance
detection circuit) is normal and also when a predetermined
time has elapsed after the engine start. The reason why the
estimation permission condition includes the elapse of the
predetermined time 1s as follows. Since the heat of the
exhaust gas 1s absorbed, for a while after the engine start, by
portions with large heat capacity such as the exhaust pipe
until the exhaust gas purification catalyst, and the catalyst
itself has large heat capacity, there 1s a delay in the catalyst
temperature to start increasing according to the temperature
of the exhaust gas passing through the air-fuel ratio sensor.

Therefore, the estimation detection of the catalyst tem-
perature based on the impedance of the air-fuel ratio sensor
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1s not started until a time has elapsed necessary for ensuring
the correlation of the catalyst temperature with the exhaust
ogas temperature. As a result, the estimation detection can be
made with high reliability. In a case where the estimation
detection of the catalyst temperature 1s required prior to the
clapse of the time necessary for ensuring the correlation, the
estimation can be made based on known estimation methods
such as the computation of a heat supply amount from the
exhaust gas and a heat radiation amount from the exhaust
system by the mtegration of fuel 1injection quantity and like.

A condition to prohibit the temperature estimation when
the exhaust temperature 1s greatly varied may be included 1n
the judgment condition of the catalyst temperature estima-
tion permission. This 1s because, 1n such a case, the tem-
perature of the exhaust gas purification catalyst 7 cannot be
estimated accurately.

If the permission condition of the catalyst temperature
estimation 1s established at Step 2, then at Steps 3 and 4, the
impedance Riu of the upstream side air-fuel ratio sensor 6,
and the impedance Rid of the downstream side air-fuel ratio
sensor 8 are measured as described before.

At Step 5, 1t 1s judged whether or not a difference between
the 1mpedance Riu the air-fuel ratio sensor 6 and the
impedance Rid the air-fuel ratio sensor 8, measured at Steps
3 and 4, 1s more than a predetermined value. If the difference
between the impedance Riu and the impedance Rid 1s a
predetermined value or above, it 1s considered that the
impedance Rid has been greatly varied due to an abrupt
temperature change of the downstream side air-fuel ratio
sensor 8 caused by water pouring and the like. Therefore, the
catalyst temperature Ts 1s estimated using the impedance Riu
of the upstream side air-fuel ratio sensor 6 only.

Namely, the procedure goes to Step 6, wherein by using
the impedance Riu of the upstream side air-fuel ratio sensor
6, the sensor element temperature, that 1s, the temperature Tu
of the exhaust gas passing through the air-fuel ratio sensor
6 1s estimated. Since the temperature Tu becomes larger as
the impedance Riu becomes smaller, the temperature Tu 1s

estimated by searching a table set in such a way (setting 650°
C. at 150 €, 750° C. at 100 £2) (the same hereinafter).

Further, the procedure goes to Step 7, wherein the tem-
perature Ts of the exhaust gas purification catalyst 7 1s
estimated from the estimated element temperature or the
exhaust gas temperature Tu. Specifically, the temperature Ts
1s estimated by making a predetermined correction to the
temperature Tu taking i1n consideration of heat radiation
amount from the exhaust pipe of from the air-fuel ratio
sensor 6 to the exhaust purification catalyst 7, a reaction heat
in the exhaust purification catalyst 7 and the like.

On the other hand, when 1t 1s judged that the difference
between the impedance of the air-fuel ratio sensor 6 and the
impedance of the air-fuel ratio sensor 8 measured at Steps 3
and 4 1s less than the predetermined value at Step 3§, it 1s
determined that the above problems have not occur, and the
temperature estimation of the exhaust gas purification cata-
lyst 7 1s performed based on the measured impedance values
of the upstream side and downstream side air-fuel ratio
sensors 6 and 8.

Namely, the element temperatures or the exhaust gas
temperatures Tu, Td of the air-fuel ratio sensors 6 and 8 are
estimated based on the impedance of the upstream side
air-fuel ratio sensor 6 and the impedance of the downstream
side air-fuel ratio sensor 8 at Step 8 and then at Step 9.

Then, at Step 10, the temperature Ts of the exhaust gas
purification catalyst 7 1s estimated by averaging the esti-
mated element temperatures or the estimated exhaust gas
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6

temperatures of the upstream side air-fuel ratio sensor 6 and
the downstream side air-fuel ratio sensor 8 according to the
following equation.

Ts=(m Tu+nTd)/(m+n)

Here, conveniently, the averaging may be made simply as
m=n=1. However, since 1 general, the downstream side
air-fuel ratio sensor 8 1s disposed closer to the exhaust gas
purification catalyst 7 than the upstream side air-fuel ratio
sensor 6, and the exhaust gas exposed to the reaction heat by
the exhaust gas purification catalyst 7 flows through the
downstream side air-fuel ratio sensor 8, it can be regarded
that the temperature Td of the downstream side air-fuel ratio
sensor 8 reflects greatly the temperature of the exhaust gas
purification catalyst 7 compared to the temperature Tu of the
upstream side air-fuel ratio sensor 6. Accordingly, the esti-
mation accuracy may be improved by setting the weight n to
the temperature Td of the downstream side air-fuel ratio
sensor 8 to be greater than the weight m to the temperature
Tu of the upstream side air-fuel ratio sensor 6.

In an internal combustion engine equipped with air-fuel
ratio sensors at the upstream and downstream of an exhaust
oas puriflication catalyst, the temperature of the catalyst may
be estimated by using one of the upstream and downstream
side air-fuel ratio sensors as an embodiment of estimating a
catalyst temperature more simply than the above
embodiment, to thereby enable the reduction of calculation
load.

In this case, since generally the downstream side air-fuel
ratio sensor 1s closer to the exhaust gas purification catalyst
than the upstream side air-fuel ratio sensor, and the tem-
perature of the exhaust gas exposed to the reaction heat by
the catalyst can be estimated, the catalyst temperature can be
estimated with high accuracy by using the impedance of the
downstream side air-fuel ratio sensor. In particular, in an
apparatus where water from the ground is prevented such
that the downstream side air-fuel ratio sensor 1s disposed in
an exhaust passage bypassing an exhaust gas purification
catalyst or a water-proof wall 1s used for covering the
air-fuel ratio sensor, this construction 1s recommended. On
the other hand, in an apparatus without taking the water-
proof measures, by using the 1mpedance of the upstream side
air-fuel ratio sensor, the reliability 1n estimation can be
always ensured.

Moreover, the present invention can also be applied to an
apparatus where one air-fuel ratio sensor 1s disposed only at
the upstream of the exhaust gas purification catalyst to
perform an air-fuel ratio feedback control, so that the
temperature of the exhaust gas purification catalyst can be
estimated based on the impedance of the upstream side
air-fuel ratio sensor only.

The entire contents of basic Japanese Patent Application
No. 2000-180469, filed Jun. 15, 2000, a priority of which is
claimed, are incorporated herein by the reference.

What 1s claimed:

1. An apparatus for detecting a catalyst temperature,
comprising;

at least one air-fuel ratio sensor disposed 1n an exhaust

system 1n an internal combustion engine, for detecting
an air-fuel ratio of the air-fuel mixture supplied to said
internal combustion engine, based on an exhaust gas
component;

an exhaust gas purification catalyst disposed 1n said
exhaust system, for purifying pollutant materials in the
exhaust gas;

at least one detection circuit for detecting an impedance of
a sensor element of said at least one air-fuel ratio

sensor; and
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a computation circuit for estimating and computing a
temperature of said exhaust gas purification catalyst
based on said detected impedance.

2. An apparatus for detecting a catalyst temperature

according to claim 1, wherein

said at least one air-fuel ratio sensor i1s disposed at the
upstream side and at the downstream side of said
exhaust gas purification catalyst, respectively;

said at least one detection circuit 1s operative to detect the
impedances of said air-fuel ratio sensor elements; and

said computation circuit 1s operative to estimate and
compute the temperature of said exhaust gas purifica-
tion catalyst based on said 1impedances.
3. An apparatus for detecting a catalyst temperature
according to claim 2, wherein

said computation circuit sets weights on the impedance of
the sensor elements of said first and second air fuel ratio
sensors, said weight 1s selected on a basis of one or
more of a position and closeness of the air-fuel ratio
sensor with respect to said exhaust gas purification
catalyst, to estimate and compute the temperature of
said exhaust gas purification catalyst.

4. An apparatus for detecting a catalyst temperature

according to claim 2, wherein

said computation circuit 1s operative to compute a differ-
ence between the impedance of the sensor elements of
said first air-fuel ratio sensor and the impedance of the
sensor elements of said second air-fuel ratio sensor, and
1s operative to estimate and compute the temperature of
said exhaust gas purification catalyst based on the
impedance of said first air-fuel ratio sensor only when
said difference 1s equal to or greater than a predeter-
mined value.

5. An apparatus for detecting a catalyst temperature

according to claim 1, wherein

said at least one air-fuel ratio sensor 1s disposed at the
upstream side and at the downstream side of said
exhaust gas purification catalyst, respectively,

said at least one detection circuit 1s operative to detect the
impedance of the sensor element of only one of said
air-fuel ratio sensors, said only one sensor being deter-
mined 1 advance; and

said computation circuit estimates and computes the tem-
perature of said exhaust gas purification catalyst based
on the 1impedance of the sensor element of said one
air-fuel ratio sensor.
6. An apparatus for detecting a catalyst temperature
according to claim 1, wherein

said at least one air-fuel ratio sensor 1s disposed only at the

upstream side of said exhaust gas purification catalyst.

7. An apparatus for detecting a catalyst temperature
according to claim 1, wherein

said computation circuit starts said estimating and com-
puting of the temperature of said exhaust gas purifica-
tion catalyst after a predetermined time has elapsed
from an engine start.
8. An apparatus for detecting a catalyst temperature
according to claim 1, wherein

said air-fuel ratio sensor 1mncludes a nernst cell portion for
generating a voltage 1n accordance with the rich/lean of
the air-fuel ratio and a pump cell portion to which a
predetermined voltage 1s applied in a direction corre-
sponding to the rich/lean of the air-fuel ratio to vary a
current value thereof successively corresponding to the
air-fuel ratio, and
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said detection circuit being operative to apply an alter-
nating current to said nernst cell portion to measure an
impedance of said nernst cell portion as the sensor
clement, based on a current value flowing through said
nernst cell portion.
9. An apparatus for detecting a catalyst temperature
according to claim 1, wherein

said at least one air-fuel ratio sensor includes a heater for
heating the sensor element of said at least one air fuel
ratio sensor, and the power supply to said heater is
controlled based on the 1impedance of the sensor ele-
ment.

10. An apparatus for detecting a catalyst temperature,

comprising:

an air-fuel ratio sensor disposed 1n an exhaust system of
an 1nternal combustion engine, for detecting an air-fuel
ratio of an air-fuel mixture supplied to said internal
combustion engine, based on an exhaust gas compo-
nent;

an exhaust gas purification catalyst disposed 1n said
exhaust system, for purifying pollutant materials in the
ecxhaust gas;

impedance detecting means for detecting an impedance of
a sensor clement of said at least one air-fuel ratio

sensor; and

catalyst temperature estimating means for estimating a
temperature of said exhaust gas purification catalyst
based on said detected impedance.

11. A method for detecting a catalyst temperature, com-

prising the following steps:

detecting an 1mpedance of at least one sensor element of
at least one air-tfuel ratio sensor disposed 1n an exhaust
system of an internal combustion engine; and

estimating and computing a temperature of an exhaust gas
purification catalyst disposed in said exhaust system
based on said impedance.
12. A method for detecting a catalyst temperature accord-
ing to claim 11, wherein

said at least one air-fuel ratio sensor i1s disposed at the
upstream side and at the downstream side of said
exhaust gas purification catalyst, respectively, and the
temperature of said exhaust gas purification catalyst 1s
estimated and computed based on the impedances of
the sensor elements of said air-fuel ratio sensors.

13. A method for detecting a catalyst temperature accord-

ing to claim 12, further comprising;

setting a weight on the 1impedance of the sensor element
of said air-fuel ratio sensors based on at least one of the
closeness and location of said sensor to said exhaust
gas purification catalyst, and estimating and calculating,
the temperature of said exhaust gas purification catalyst
based on the weighted impedance values.

14. A method for detecting a catalyst temperature accord-

ing to claim 12, wherein

a difference between the impedance of the sensor ele-
ments of said upstream side air-fuel ratio sensor and the
impedance of the sensor elements of said downstream
side air-fuel ratio sensor 1s computed, and the tempera-
ture of said exhaust gas purification catalyst i1s esti-
mated and computed based on the impedance of said
upstream side air-fuel ratio sensor only when said
difference 1s equal to or greater than a predetermined
value.

15. Amethod for detecting a catalyst temperature accord-

ing to claim 12, wherein
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said air-fuel ratio sensor 1s disposed at the upstream side
and the downstream side of said exhaust gas purifica-
tion catalyst, respectively, and the temperature of said
exhaust gas purification catalyst 1s estimated and com-
puted based on the impedance of only one of the sensor
clements of said one air-fuel ratio sensor.

16. A method for detecting a catalyst temperature accord-

ing to claim 12, wherein

the temperature of said exhaust gas purification catalyst 1s
estimated and computed based on the impedance of the
sensor element of only said air-fuel ratio sensor dis-
posed at the upstream side of said exhaust gas purifi-
cation catalyst.
17. A method for detecting a catalyst temperature accord-
ing to claim 12, wherein

estimating and computing of the temperature of said
exhaust gas purification catalyst based on the 1mped-
ance of at least one air-fuel ratio sensor 1s started after
a predetermined time has elapsed from an engine start.

10

10

18. A method for detecting a catalyst temperature accord-
ing to claim 12, wherein

said at least one air-fuel ratio sensor 1includes a nernst cell
portion for generating a voltage 1in accordance with the
rich/lean of the air-fuel ratio and a pump cell portion to
which a predetermined voltage 1s applied 1n a direction
corresponding to the rich/lean of the air-fuel ratio to
vary a current value thereof successively corresponding
to the air-fuel ratio, said method further comprising:
applying an alternating current to said nernst cell
portion and measuring an impedance of said nernst
cell portion as the sensor element, based on a current
value flowing through said nernst cell portion.
19. Amethod for detecting a catalyst temperature accord-

15 ing to claim 12, further comprising:

heating the sensor element, and controlling said heating
step based on the impedance of the sensor element.
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